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, $t\geq 0$ , $Q_{t}$ $pQ_{t}$ . $p>0$
. $Q_{t}$ $p$
. $Q_{t}$ ,
$dQ_{t}=\alpha Q_{t}dt$ , $Q_{0}=q$ (2.1)
. , $\alpha>0$ . ,
, $\gamma Q_{t}^{2}$ .
$Y_{t}$ , $Y_{t}$ ,
$d\dot{\Gamma}_{t}=(\gamma^{i}Q_{t}-\delta Y_{t}^{i})dt$, $Y_{0}^{i}=y$ (2.2)
. , $\delta\in(0,1)$ , .
, .
, $\gamma^{0}Q_{t}$ . , $i=0$
. $i(i=1,2,3)$
, $\gamma^{:}Q_{t}$ . , , $\gamma^{0}>\gamma^{1}>\gamma^{2}>\gamma^{3}$
.





$dX_{t}=\mu X_{t}dt+\sigma X_{t}dW_{t}$ , $X_{0}=x$ (2.3)
. , $\mu>0,$ $\sigma>0$ , $W_{t}$ .





. , $k_{0}>0$ , $k_{1}>0$ , $k_{2}>0$
. $\gamma^{0}>\gamma^{1}>\gamma^{2}>\gamma^{3}$ , , $K^{1}<K^{2}<K^{3}$
. il $J^{i}$ ,
$j(q,x,y; \tau_{S}^{i})=E[\int_{0}^{\infty}e^{-rt}B^{i}(Q_{t},X_{t},Y_{t}^{i})dt-e^{-r\tau_{S}^{i}}K^{i}(Q_{t})]$ (2.6)
$2Q$ , . , $\gamma$ ,
.
8 , . , 2 .
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. , $r>0$ . $\tau_{S}^{i}\in \mathcal{T}(i=1,2,3)$ , $i$
, $\mathcal{T}$ , . ,
, .
$E[\int_{0}^{\infty}e^{-rt}|B^{i}(Q_{t},X_{t},Y_{t})|dt]<\infty$ . (AS.1)
, , $i$ } ,
$i$ $\tau^{i}$ .
$V^{i}(q,x,y)= \sup_{\tau^{j}\in \mathcal{T}}J^{i}(q,x, y;\tau_{S}^{i})=$ (q, $x,y;\tau_{S}^{1r}$ ). (2.7)







$\mathcal{L}=\frac{1}{2}\sigma^{2}x^{2}\frac{\partial^{2}}{\partial x^{2}}+\mu x\frac{\partial}{\partial x}+(\gamma^{:}q-\delta y)\frac{\partial}{\partial y}+\alpha q\frac{\partial}{\partial q}-r$ (2.11)
, $G^{i}$ , $i$
,
$\dot{\sigma}(Q_{t},X_{t},Y_{t}^{i})=E[\int^{\infty}e^{-r(e-t)}B^{i}(Q_{\epsilon},X,Y_{f}^{i})ds-K^{i}(Q_{t})]$ (2.12)
. $V^{i}(q, x, y)$ $\phi^{i}(q, x, y)$ 4.
, $\phi^{i}$ . , ,
$x_{S}^{1}$ ( , $i$ , . $\ovalbox{\tt\small REJECT}$
,
$\tau_{S}^{i}=\inf\{t>0;X_{t}\geq x_{S}^{i}(y)\}$ (2.13)
. , $x<x_{S}^{i}(y)$ ,
$\mathcal{L}\phi^{i}(q,x,y)+B^{0}(q,x,y)=0$ (2.14)
4 $\phi^{:}$ $(2.8)-(2.10)$ , Veri cation $Th\infty rem$ ,
.
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. (2.14) , :
$\phi^{i}(q,0, y)=\frac{pq}{r-\alpha}$ (2.15)
$\phi^{i}(q,x,y)=C_{S1}^{1}(y)x^{\beta_{1}}+\frac{pq}{r-\alpha}-\frac{xy^{2}}{\rho_{1}}-\frac{2xy\gamma^{0}q}{\rho_{1}\rho_{2}}-\frac{2x(\gamma^{0}q)^{2}}{\rho_{1}\rho_{2}\rho_{3}}$ (2.16)
. , $\dot{\sigma}_{S1}(y)$ , $\beta_{1}>1$ $1/2\sigma^{2}\beta(\beta-1)+\mu\beta-r=0$
$\beta_{1}=\frac{1}{2}-\frac{\mu}{\sigma^{2}}+\sqrt{(\frac{\mu}{\sigma^{2}}-\frac{1}{2})^{2}+\frac{2r}{\sigma^{2}}}>1$ , \mbox{\boldmath $\rho$} $= \frac{1}{2}-\frac{\mu}{\sigma^{2}}-\sqrt{(\frac{\mu}{\sigma^{2}}-\frac{1}{2})^{2}+\frac{2r}{\sigma^{2}}}<0(2.17)$
. , ,
$<0$ . (2.16) 1 , $i$
. 3-5 ,
$B^{i}$ , $\rho_{1}=r-\mu+2\delta>0,$ $\rho_{2}=r-\mu+\delta-\alpha>0$ ,
$\rho_{3}=r-\mu-2\alpha>0$ . , ,
$C_{S1}^{:}(y)$ $x_{S}^{i}(y)$ $(i=1,.2,3)$ . , value-matching smooth-pasting :
$\phi^{i}(q,x_{S}^{1}(y),y)=\dot{\sigma}(q,x_{S}^{1}(y),y)$ , (2.18)
$\phi_{l}^{1}(q,x_{S}^{1}(y),y)=\dot{G}_{x}(q,x_{S}^{i}(y),y)$ (2.19)
. , $\dot{\sigma}(q, x, y)$ ,
$\dot{\sigma}(q,x,y)=PV^{i}(q,x,y)-K^{i}(q)$ (2.20)
. , $i=0,1,2,3$ ,
$PV^{i}(q,x,y)= \frac{\eta}{r-\alpha}-\frac{xy^{2}}{\rho_{1}}-\frac{2xy\gamma^{:}q}{\rho_{1}\rho_{2}}-\frac{2x(\gamma^{:}q)^{2}}{\rho_{1}\rho_{2}\rho_{3}}$ (2.21)
. $(2.16)-(2.21)$ , $i$ $x_{S}^{i}(y)$ $\dot{\sigma}_{S1}(y)$ , .
$x_{S}^{1}(y)=( \frac{\beta_{1}}{\beta_{1}-1})(\frac{\rho_{1}\rho_{2}\rho_{3}}{2(\rho_{3}y\Gamma^{i}+\prime r1)})K^{:}(q)$ , (2.22)
$\dot{\sigma}_{S1}(y)=(\frac{2(\rho_{3}y\Gamma^{i\prime}+r1)}{\beta_{1}\rho_{1}\rho_{2}\rho_{8}})^{\beta_{1}}(\frac{\beta_{1}-1}{K^{i}(q)})^{\beta_{1}-}$ . (2.23)




. , $i,j(i,j=1,2,3, i<j)$ 3 .
, D\’ecamps, Mariotti and Villeneuve
(2006) .
$i,$ $j$ , $\mathcal{T}|j$ ,
$\tau_{ij}=\min[\tau_{ij}^{i},\dot{d}_{ij}]$ (3.1)
. , $\tau_{i}^{\ell_{j}}(\ell=i,j)$ , $i,$ $j$ , $\ell$




. , , $\dot{P}^{j}$ ,
$i,$ $j$ $\tau_{ij}$
$V^{1j}(q,x,y)=$ $sup\dot{P}^{j}(q, x,y;\tau_{ij})=J^{1j}(q,x,y;\tau_{1j}^{*})$ . (3.3)
$\tau_{1j}\in \mathcal{T}$
.
2 , . ,
.
$\mathcal{L}V^{1j}(q,x,y)+B^{0}(q,x,y)\leq 0$, (3.4)
$V^{ij}(q,x,y) \geq\max[G^{:}(q,x,y),G^{j}(q,x,y)]$ , (3.5)
$[\mathcal{L}V^{1j}(q,x,y)+B^{0}(q,x,y)]$ [$V^{1j}(q,x,y)$ -max $[\dot{\sigma}(q,x,y),\dot{q}(q,x,y)]$ ] $=0$. (3.6)
$\tilde{x}_{12}$ $(q, x,y)=G^{j}(q, x,y)$ . $\tilde{x}_{13},\tilde{x}_{23}$
. , $\tilde{x}_{1j}(i,j=1,2,3, i<j)$ ,
$\tilde{x}_{ij}=\frac{\rho_{1}\rho_{2}\rho_{3}(K^{2}(q)-K^{1}(q))}{2[\rho_{8}y(\gamma^{1}-\gamma^{2})q+((\gamma^{1})^{2}-(\gamma^{2})^{2}q^{2}]}$ (3.7)
. , $\tilde{\Gamma}^{ij}=(\gamma^{i}-\gamma^{j})q,$ $l\overline{r}^{1j}=(\gamma^{i})^{2}-(\gamma^{j})^{2}q^{2}$ . D&amps, Mariotti and
Villeneuve (2006) Proposition 2.2. , $x=\tilde{x}^{1j}(i,j=1,2,3, i<j)$ , $i$
.
, $\phi$ . 2 ,
$x_{S}^{i}(y)$ , $i$ . , (222) ,
$i$ $x_{S}^{1}(y)$ , $i$ . (y)
: $x_{S}^{i}<x_{S}^{\dot{f}}$ . , , 2 ,
. , $x_{S}^{1}$
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: $x>x_{S}^{i}(y)$ , $i$ $j$
. $(x_{i}^{i_{j}}(y),\dot{d}_{ij}(y))$ . , , $x<x_{S}^{i}(y)$
, . $x_{S}^{i}(y)\leq x\leq x_{ij}^{i}(y)$ , $i$
. $x_{i}^{i_{j}}(y)<X<\dot{d}_{ij}(y)$ , . $x\geq\dot{d}_{ij}(y)$ ,
$j$ . , D\’ecamps, Mariotti and Villeneuve
(2006) Theorem 2.1 .
, , 1 $\tau_{\dot{|}j}^{i}$ ,
$\tau_{ij}^{1}=\inf\{t>0;x_{S}^{i}(y)\leq X_{t}\leq x_{ij}^{i}(y)\}$ (3.8)
. , , 2 $\ovalbox{\tt\small REJECT}$ ,
$\tau_{\dot{i}j}^{\dot{f}}=\inf\{t>0;X_{t}\geq\dot{d}_{1j}(y)\}$ (3.9)
. , H $(y)$ ,
$H_{1j}=\{x;x<x_{S}^{i}(y), x_{ij}^{i}(y)<X_{t}<x_{*j}^{i}(y)\}$ . (3.10)
. , ,
$\mathcal{L}\phi^{1j}(q,x,y)+B^{0}(q,x,y)=0$ (3.11)
$l^{i}R$ $\text{ ^{}\prime}\supset$ .
$x<x_{S}^{1}(y)$ , $x$ $x_{S}^{1}(y)$ , $i$ , (2.16)
. , $x_{ij}^{i}(y)<x<\dot{d}_{1j}(y)$ , $x$ $x_{1j}^{1}(y)$ , $i$ ,
$\dot{d}_{1j}(y)$ $i$ ,
$\phi^{ij}(q,x,y)=Ci^{j}(y)l^{1}+\dot{U}_{2}^{j}(y)x^{\hslash}+PV^{0}(q,x,y)$ (3.12)
. , $\phi^{1j}$ $x$ , .
$\phi^{1j}(q,x,y)=\{\begin{array}{ll}\dot{\sigma}_{S1}(y)x^{\beta_{1}}+PV^{0}(q,x,y); x<x_{S}^{1}(y),\dot{\sigma}(q,x,y), x_{S}^{i}(y)\leq x\leq x_{1j}^{*}(y),\dot{\sigma}_{1}^{j}(y)x^{\beta_{1}}+C_{2}^{1j}(y)x^{\beta_{2}}+PV^{0}(q,x,y), x_{ij}^{1}(y)<x<x_{ij}^{j}(y),\dot{\alpha}(q,x,y), x\geq x_{ij}^{j}(y).\end{array}$ (3.13)
, , $ci^{j}(y),$ $C_{2}^{1j}(y),$ $x_{1j}^{1}(y),\dot{d}_{1j}(y)$
. 2 , value-matching smooth-pasting :
$\phi^{ij}(q,x_{j}^{\ell}(y),y)=G^{\ell}(q,x_{ij}^{\ell}(y),y)$ , (3.14)
$\phi_{x}^{ij}(q,x_{:j}^{\ell}(y),y)=G_{x}^{\ell}(q,x_{*j}^{\ell}(y),y)$, (3.15)






1, 2, 3 , $\tau$ ,
$\tau=\min[\tau^{1},\tau^{2},\tau^{3}]$ (4.1)
. , $\tau^{i}(i=1,2,3)$ , , $i$




. , , $J$ ,
1, 2, 3 $\tau$






$G(q,x,y)=\{\begin{array}{ll}G^{1}(q,x,y), x<\tilde{x}_{12},G^{2}(q,x,y), \tilde{x}_{12}<x<\tilde{x}_{23},G^{3}(q,x,y), x>\tilde{x}_{2\theta}\end{array}$ (4.5)
. 1 . 1 , 1, 3 , 1, 2 2, 3
, $G$ , 1, 3
.
1 $\tau^{1}$ , 1, 2 1
. , (3.8) ,
$\tau^{1}=\inf\{t>0;x_{S}^{1}(y)\leq X_{t}\leq x_{12}^{1}(y)\}$ (4.6)
. 2 $\tau^{2}$ , 1, 2 2 $x_{12}^{2}(y)$
, 2, 3 2 $x_{23}^{2}(y)$ ,
$\tau^{2}=\inf\{t>0;x_{12}^{2}(y)\leq X_{t}\leq x_{23}^{2}(y)\}$ (4.7)





3 , $\phi$ , $\phi$ , $x$ ,
.
$\phi(q,x,y)=\{\begin{array}{ll}C_{S1}^{1}(y)x^{\beta_{1}}+PV^{0}(q,x,y), x<x_{S}^{1}(y),G^{1}(q,x,y), x_{S}^{1}(y)\leq x\leq x_{12}^{1}(y),C_{1}^{12}(y)x^{\beta_{1}}+C_{2}^{12}(y)x^{\beta_{2}}+PV^{0}(q,x,y), x_{12}^{1}(y)<x<x_{12}^{2}(y),G^{2}(q,x,y), x_{12}^{2}(y)\leq x\leq x_{23}^{2}(y),C_{1}^{23}(y)x^{\beta_{1}}+C_{2}^{23}(y)x^{\beta_{2}}+PV^{0}(q,x,y), x_{23}^{2}(y)<x<x_{23}^{3}(y),G^{3}(q,x,y), x\geq x_{23}^{\theta}(y).\end{array}$ (4.9)
, , $C_{1}^{12}(y),$ $C_{2}^{12}(y),$ $C_{1}^{23}(y),$ $C_{2}^{23}(y)$ ,
$x_{12}^{1}(y),$ $x_{12}^{2}(y),$ $x_{23}^{2}(y),$ $x_{23}^{3}(y)$ . 3 .
5
, $x_{S}^{i},$ $x_{ij}^{i},\dot{d}_{1j}i,j=1,2,3,$ $i<i$ ,
.
$x_{S}^{1}$ , (2.22) . ,
$x_{1j}^{i}$ , , , $(3.11)-(3.12)$ Newton
. , . $r=0.05$,
$\alpha=0.01,$ $q=5,$ $p=10,$ $\mu=0.01,$ $\sigma=0.2,$ $y=0.1,$ $\delta=0.01,$ $\gamma^{0}=0.05,$ $\gamma^{1}=0.03,$ $\gamma^{2}=0.02$,
$\gamma^{3}=0.01,$ $k_{0}=5,$ $k_{1}=100,$ $k_{2}=10000$ . , 2
. , , , . $C_{S1}^{1}(y)=4562.6539$ ,
$C_{S1}^{2}(y)=3971.0925,$ $C_{1}^{12}=3685.6033,$ $C_{2}^{12}=3.8706,$ $C_{1}^{23},$ $C_{2}^{23},$ $x_{S}^{1}(y)=0.1494,$ $x_{S}^{2}(y)=0.2423$ ,
$x_{S}^{3}(y)=0.3674,$ $x_{12}^{1}(y)=0.2176,$ $x_{12}^{2}(y)=0.2793,$ $x_{23}^{2}(y)=0.5412,$ $x_{23}^{3}(y)=0.5965$ .
, +20% , 1,2 . ,
$r$ , $\sigma$ , $\delta$ , $k0,$ $k_{1},$ $k_{2}$
, 1 $x_{S}^{1}$ 1, 2, 3 $x_{12}^{2}(y)-x_{12}^{1}(y)$ , xU3(y)-x223(
, . , $\alpha$ , $q$ .
$\mu$ , $y$ , $x_{S}^{1},$ $x_{12}^{2}(y)-x_{12}^{1}(y)$ . $x_{23}^{3}(y)-x_{23}^{2}(y)$
, . , $\gamma$
, $\gamma^{0}$ , $x_{S}^{1}$ , 1
, $x_{12}^{2}(y)-x_{12}^{1}(y),$ $x_{23}^{3}(y)-x_{23}^{2}(y)$ , . 1
$\gamma^{1}$ , $x_{S}^{1}$ , 1 .
, $x_{12}^{2}(y)-x_{12}^{1}(y)$ , . $x_{23}^{3}(y)-x_{23}^{2}(y)$ , $\gamma^{1}$
, . 2 $\gamma^{2}$ , $x_{12}^{2}(y)-x_{12}^{1}(y)$
, . , $x_{23}^{3}(y)-x_{23}^{2}(y)$ , ,
. $x_{S}^{1}$ , $\gamma^{1}$ , . 3
$\gamma^{3}$ , $x_{23}^{3}(y)-x_{23}^{2}(y)$ , . $x_{S}^{1},$ $x_{12}^{2}(y)-x_{12}^{1}(y)$
, $\gamma^{1}$ , .
181
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1: $G^{i}(q, x, y)$ $G(q, x, y)$
$G^{i}$ , $i(i=1,2,3)$
.
2: $V(q, x, y)$
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